This paper investigates the transmission mechanism of the Global Financial Crisis originated in the United States to the East Asian equity markets, including the developed markets (Hong Kong, Japan and Singapore), emerging markets (Malaysia, Thailand and Taiwan) and frontier market (Vietnam). To test for the transmission, we employ the constant conditional correlation (CCC) and the dynamic conditional correlation (DCC) based on the MGARCH model to estimate the time-varying correlations between the United States and East Asian equity markets. Our empirical findings suggest that the Global Financial Crisis transmitted to these markets vary over time, particularly to Hong Kong and Singapore during the pre-crisis period, and to Japan and Vietnam during the crisis period. In addition, the results show that almost all the East Asian markets reveal higher correlations to other markets in the region than the United States even during the crisis period. Finally, the crisis is attributed to enhancing the correlations between the frontier market towards regional and global markets.
Introduction
The Global Financial Crisis (GFC) has been considered as the most severe crisis in history since the 1930s Great Depression. It was attributed to a series of severe market events such as speculative bubble in the U.S. housing market in 2006, the sub-prime mortgage crisis in the United States in early 2007 and the liquidity crunch in global credit markets in mid-2007. The crisis intensified in the second half of 2008 after the U.S. State Bank and Government refused to rescue Lehman Brother's and confirmed the collapse of the American International Group. These events partly caused panic for both investors and financial institutions in the world, leading to a sharp decline in global equity markets which lasted until the first quarter of 2009 (Bartram & Bodnar, 2009; Dooley & Hutchison, 2009) . For a full comprehensive review of the history of the GFC refer to the study by Arestis; Sobreira and Oreiro (2011) .
The above studies focused on the impacts of the GFC for advanced and emerging markets, rather than small young emerging markets. Research documenting the impacts of the GFC at the country, regional and global markets has been performed by Dooley & Hutchison (2009) , Markwat, Kole, & van Dijk (2009) , Bartram and Bodnar (2009) , Claessens, Claessens et al., (2010) and Allen & Carletti (2010) ). In addition, several studies indicate that the GFC was more serious than previous crises. For example Gklezakou and Mylonakis (2010) , show that while previous crises disturbed the financial systems of directly affected economies, the GFC penetrated practically every aspect of global economic activities. Recently, Guo, Chen and Huang (2011) examined the impacts of the GFC on various markets such as stock, real estate, energy markets and credit default swap markets they find that credit default swaps are non-existent in other crises.
Despite increasing concerns over the direct impacts of the GFC, the issue of how the GFC was transmitted to the global markets has not been widely developed in the literature. Several previous studies, such as Claessens et al. (2010) and Mishkin (2011) examine the transmission of the GFC to the global markets by visually describing the interactions of market movements during the crisis. Other studies explore the transmission mechanism empirically (see, for example Gupta and Donleavy (2009), Naoui; Liouane and Brahim (2010) , Marcal et al.(2011) and Kenourgios; Samitas and Paltalidis (2011) ); however, almost these studies focus on the impacts of the GFC for developed and emerging markets which maintain strong links to the United States. As such, the primary objective of this paper is to empirically explore transmission mechanism of the GFC to equity markets of the East Asian region.
In this paper, we investigate the transmission mechanism of the shock caused by the GFC to equity markets in the East Asian region, including the developed markets (Hong Kong, Japan, Singapore), emerging markets (Malaysia, Thailand, Taiwan) and the frontier market of Vietnam (Note 1). There are two main reasons for selecting these markets. Firstly, the East Asian region has experienced the highest average growth rate in terms of real GDP in the last two decades and has been responsible for the majority of growth recorded globally. Secondly, the region was severely affected by previous 1997 Asian Financial Crisis, in this respect we compare how the region responded to the GFC compared to the 1997 crisis. The data used in the paper is sourced from the DataStream for the period from 1/7/2007 to 31/12/2010. The rest of the paper is structured as follows. Section 2 presents the literature review on crises and transmission mechanisms of crises. Section 3 introduces data and research methods used in the paper. Section 4 discusses empirical findings. Section 5 concludes the paper.
Literature Review
Over recent decades, global markets have experienced a series of crises that originated in a specific market and rapidly transmitted to other markets. Such transmission of financial turmoil across markets is often refereed as a 'contagion effect' (Dornbusch, Park, & Claessens, 2000; Forbes & Rigobon, 2002; Guo, et al., 2011; Khalid & Kawai, 2003) . A study by Claessens and Forbes (2001) indicates that the concept was firstly introduced in chemistry with reference to the spread of medical diseases; however, in the late 1990s, the concept was widely used in the economics to describe a transmission of a shock across markets. There are several definitions of contagion in the existing literature. For instance, while Forbes and Rigobon (2002) define contagion as a significant increase in the correlation between equity markets during a crisis; Claessens, Dornbusch and Park (2010) use the term contagion when describing an increase in a cross market linkage after a shock to one country rather than only a strong linkage between countries.
The World Bank classifies levels of contagion by proposing three definitions (Billio & Pelizzon, 2003; Claessens & Forbes, 2001) . The first definition is very broad defining contagion as a cross-country transmission of shocks or cross-country spillover effects; however, this definition takes into consideration transmission of shocks in both tranquil and crisis periods. The second definition is restrictive stating that contagion is the transmission or co-movement of shocks in excess of what can be explained by economic fundamentals. This definition is claimed as the most controversial one in order to identify the underlying fundamentals. The third definition is known as very restrictive definition emphasizing a transmission mechanism of a shock among countries during a period of crisis. This definition is similar to a 'shift contagion' given by Forbes and Rigobon (2002) defining contagion as a significant increase in cross-market linkages after a shock to a specific market and is widely used in the literature (see for example Kuper and Lestano (2007) ; Gupta and Donleavy (2009) ; Yiu, Alex-Ho and Choi (2010) ; Yu, Fung and Tam (2010) . In the paper, we utilize the shift contagion definition to examine the propagation of transmissions of the shock caused by the GFC to East Asian equity markets.
Contagion effects can generally be explained by two main sources. In early studies, international trade and financial linkages and common shocks are often used to provide thoughtful explanations for the transmission mechanism of contagion (Kearney, 2000; Phylaktis & Ravazzolo, 2002; Pretorius, 2002) . However, as many crises occurred more frequently in recent decades, empirical results find much evidence of transmissions of a shock from one country to other countries that do not have close fundamental linkages to a host country. As such, another source of contagion associated with investor behavior is suggested. Khalid and Kawai (2003) , for instance, document three sources of contagion, namely common shocks, financial linkages and shifts in investors' sentiments. Dornbusch, Park and Claessens (2000) discuss two sources of contagion effect over turbulence periods. The first source is related to fundamental-based channels associated with real and financial linkages across borders, while the second is attributed from irrational behaviors of investors resulting from liquidity problems, imperfect information, and multiple equilibria. A similar viewpoint employs investor behavior to explain for the spillover of shocks across markets can be found in studies by Claessens and Forbes (2001) , Karolyi (2003) and Caramazza; Ricci and Salgado (2004) .
Equity market linkage refers to an interaction among equity markets through which investors can optimize their risk-adjusted returns by diversifying their investment portfolios across markets. The concept is based on two foundational theories. The first one is the Purchasing Power Parity Theory positing that relative prices of identical goods should be in equilibrium to represent their purchasing power across markets (Brooks 2002; Del Bianco 2008; Korap and Aslan 2010) . The second theory is the Modern Portfolio Theory which states important www.ccsenet.org/ijef International Journal of Economics and Finance Vol. 5, No. 5; roles of risks, returns, and correlations in constructing investment portfolios of investors and suggests that investors may get higher returns if they diversify internationally (Elton and Gruber 1997; Gklezakou and Mylonakis 2010) . Although both of these theories are based on a number of simplifying assumptions, they remain the cornerstones of modern finance in asset management.
In the existing literature, equity market linkages have been mainly identified under three headings;, namely co-integration, causality and contagion depending on the nature of linkages. Co-integration and causality describe fundamental linkages among equity markets which are known as a long-run and short-run linkage, respectively. Contagion relates to a transmission mechanism of a shock among equity markets during periods of crisis by capturing a significant increase in correlations of market volatilities (Note 2) (Forbes and Rigobon 2002; Corsetti, Pericoli and Sbracia 2005) . These three linkages overall represent a comprehensive picture on cross-market linkages.
In early studies focused on global equity market linkages most researchers explain sources of linkages with regard to fundamental-based linkages, for example trade and finance links (Kearney 2000; Phylaktis and Ravazzolo 2002; Pretorius 2002; Khalid and Kawai 2003) . However, in the 1990s as global markets experienced a series of crises, other sources of linkages -known as irrational linkages -emerged such as imperfect information, investor sentiment, and multiple equilibrium (Note 3) (Dornbusch, Park and Claessens 2000; Karolyi 2003 ).
Recently, several researchers document limitations of modern finance theories in the real world, particularly in a context of financial crises, as correlations of global equity markets appear to increase (Cheung, Fung and Tsai 2010; Chakrabarti 2011) . Thus, an understanding of equity market linkages during periods of crises is of interest to researchers and practitioners. Due to the severity and ample effects of the GFC, a large number of studies examine impacts of the GFC on advanced and major emerging markets that have strong links with the United States rather than small and young equity markets. Therefore, the primary objective of this paper is to explore the impacts of the GFC of a small and young emerging market and on its linkages to global equity markets.
Data and Methodology

Data Collection
In order to investigate the transmission of the GFC to the East Asian equity markets, the paper employs time series data consisting of the daily closing prices of seven market indices in the region including the Hang Seng Index for Hong Kong, the TSE Composite Index for Taiwan, the Strait Times Index for Singapore, the Nikkei 225 Stock Average for Japan, the KLSE Composite Index for Malaysia, the SET Index for Thailand and the VN-Index for Vietnam. The S&P 500 Composite index of the United States is employed to take into account the transmission of the GFC to the region. According to the market classification of the MSCI (2012), we separate the seven East Asian market indices in the sample into three groups. The developed market group includes Hong Kong, Japan and Singapore. The emerging market group covers Malaysia, Taiwan and Thailand, and the frontier market includes Vietnam. The data is sourced from the DataStream International for the period from 1/7/2007 to 31/12/2010. On non-trading days of the market indices, we assume to stay the same compared to the previous trading day. In addition, the market indices in local currency are used to capture influences of local economic policy and economic conditions on market linkages.
It is notable that the trading hours of Asian markets are overlapping while those of the United States equity market are one day lagged. Hence, in this paper, the equity market returns of the United States are lagged one day compared to that of the other series data. The first differences of logarithms of market indices multiplied by 100 are constructed to measure market returns of the selected markets.
For capturing the transmission of the GFC to the selected markets, we separate the period of study into sub-periods according to the descriptions by Mishkin (2011) and Aït-Sahalia et al (2012) . Particularly, the period of study is divided into three sub-periods. The descriptive statistics of the market returns over the sub-periods are shown in Table 1 . In general, we can see some similar findings during the pre-crisis and crisis period. More specifically, all the markets have negative average rate of returns over the two periods implying declines of the market levels of the entire markets. It can be explained by the severity and ample effects of the sub-prime crisis and the GFC on the regional markets. Interestingly, the Vietnam index recorded the highest negative returns over the periods implying the strongest www.ccsenet.org/ijef
International Journal of Economics and Finance Vol. 5, No. 5; impacts of the crises on the frontier market compared to the other markets in the sample. In the meantime, the Hong Kong equity market experience the highest standard deviation of market returns suggesting a high vulnerability of the market during the periods. It is notable that the higher standard deviations of developed markets relative to those of the emerging and frontier markets during the crisis period imply considerable influences of the GFC on the developed markets in the region.
During the post-crisis period, all the markets record positive average rates of return reflecting the recovery of the markets after the GFC; however, the pattern of recovery varies different within the region. The highest return is for the Taiwan index (0.19) while the lowest is for the Japan index (0.05). It suggests a weak recovery of Japan compared to the other markets. It could be due to its high dependence on the export of advanced manufacturing products. In addition, the skewness reveals some negative but some positive values over the three periods implying that market returns sometime change from the long right tail to left right tail and vise versa over the sub-periods. The high kurtosis values suggest the peak distributions of market returns.
During the pre-crisis period, the correlations between developed markets appear to be higher than between emerging markets. The highest correlation is found between Singapore and Hong Kong (0.79) and the lowest correlation is between Singapore and Vietnam (-0.02). The strong relationship between Singapore and Hong Kong can be explained by their close trading linkages in the long run. In addition, the Vietnam equity market reveals the lowest correlations with both the emerging and developed markets in the sample suggesting a quite isolated relationship of the market towards the regional and global markets. The United States reveals the highest correlations with Japan (0.53) and Singapore (0.51) while the lowest correlation exists with Vietnam (0.07). Table 2 shows the correlation coefficients of market returns between the equity markets. Overall, the table almost shows higher correlations amongst the markets during the crisis period compared to the pre-and post-crisis period impling strong vulnerable of the East Asian equity markets during the GFC. During the post-crisis period, the correlations among the markets appear to decline slightly with the exception of the Vietnam equity market which reports higher correlations with the other markets during the post-crisis period in comparison to those during the pre-crisis period. In addition, despite the slight decline, the United States remains the highest correlations with Japan (0.55) compared to the other markets in the region. It is notable that almost all the equity markets in the East Asian region reveal their highest correlations with Hong Kong and Singapore. It highlights considerable influences of the two markets in the region.
To visually inspect the volatilities of the selected markets over time, we plot the movements of the daily market returns of the eight markets over the period of 2007 -2010. In general, the markets are relatively stable before the crisis, but appear to be highly volatile during the crisis. As we can see in Figure 1 , the United States, Hong Kong and Japan are more volatile than the other markets because their volatilities span from -15 to + 15; while those of other markets range from -10 to +10. In addition, Malaysia is likely to be less influenced by the GFC except for a sharp drop in the first quarter of 2008 implying the quick response of the Malaysia Government to get rid of the crisis. Notably although that there is no dramatic drop in the market volatilites of Vietnam, the market is clearly impacted negatively over the crisis. This could be explained by strict controls of the Vietnamese Governments in supervising and managing the market, such as the narrow daily price-limit change regulation and a maximum proportion of foreign ownership of listing firms allowed to participate in the market. It be may concluded that due to differences in size and structure, the influences of the GFC on the East Asian equity markets be analysed as a exceptional case rather than following the general global pattern. However, when and where the GFC transmitted to the markets in the region cannot be determined by descriptive analysis. As such, other research approachs will be conducted to explore the transmission mechanism.
Research Methodology
In this paper, we investigate the transmission of a shock caused by the GFC to the East Asian markets by conducting empirical tests with regard to the existence of contagion effects across markets. As mentioned above, we follow the very strict definition of contagion as a significant increase in cross-market linkages after a shock or crisis. As such, we examine the contagion effect by measuring cross-market correlations. However, as discussed by Forbes and Rigobon (2002) , a correlation between two markets is time-varying and conditional on market volatilities, particularly during a turbulent period because the correlation may be biased by increases of market volatilities. Hence, two models of time-varying correlations are used in the paper. The first model is the constant conditional correlation (CCC) suggested by Bollerslev (1990) and the second model is the time-varying dynamic conditional correlation (DCC) proposed by Engle (2002) . These empirical methods estimate the dynamic of time-varying correlations tracking from multivariate generalized autoregressive conditional heteroskedasticity (MGARCH) model. Specifically, to capture the time-varying variances of market returns, the univariate generalized autoregressive conditional heteroskedasticity model, GARCH (1,1) suggested by Bollerslev (1986) is firstly employed to estimate conditional return and conditional variance of individual market returns. The equations are given as follows:
Returns equation 
The CCCs are estimated in the paper over the pre-crisis, crisis and post-crisis periods. If the CCC significantly changes over the crisis and post-crisis period compared to that over the pre-crisis period, this coutome leads supports for the transmission of the GFC from the United States to the other markets. If the CCC is not significant over the crisis and post-crisis period compared to the pre-crisis period, we conclude that no transmission of a shock occurs. In case the CCC maintains the high values over the sub-period, a conclusion of interdependence between the markets is suggested.
Although the CCC model measures the conditional correlations of market volatilities; however, the correlations are static over our period of study. As such, we further employ the DCC model that allows for time-varying conditional correlation. This model is also firstly based on the univariate GARCH (1,1) model of market returns of individual markets to estimate their conditional variances σ . Each univariate error process is then transformed to the standardized residuals by (4) The conditional variance is assumed to be time varying by following the GARCH (1,1) model given by
where σ is the unconditional covariance of the standardized residuals δ resulting from the univariate GARCH, and θ and θ are parameters. Both θ and θ must be positive and θ θ < 1. In other words, the DCC model includes the two GARCH (1, 1) processes of stock returns and standardized residuals. The DCC is decomposed into a matrix of conditional variance (σ and a diagonal matrix of the square root of the
To measure the coefficients, Engle (2002) proposes to maximize the likelihood function in the following equation
The results of DCC tests are plotted in the seven graphs presenting the time-varying conditional correlations between the United States and other markets in the sample over the period from 1/7/2007 to 31/12/2010. The MATLAB package is used to perform these tests.
Empirical Results
Volatilities of Individual Market
In order to estimate the conditional correlations of a pair of equity market volatilities, we firstly conduct the univariate GARCH(1,1) model for individual markets to estimate individual market volatility series. As we can be seen in Table 3 , almost all of the parameters are statistically significant this result supports using the CCC and DCC models to investigate the transmission of shock among the markets. In addition, the sum of parameters in the volatility equation nearly equals to one, implying that the market volatilities highly measure the behavior of each market. There are some parameters, however which appear insignificant during the crisis period. This can be explained by the shorter period of study of the crisis period (142 observations) compared to the pre-crisis period (315 observations) and the post-crisis period (458 observations). It is notable that during the crisis period, the market volatilities of the Vietnam equity market cannot be measured effectively by its owns residuals and its lagged values because all the parametters are insignificant. This result add caution in interpreting empirical findings on the conditional correlations between the Vietnam and United States equity markets during the crisis period. Table 4 presents the empirical estimations of the CCC-MGARCH(1,1) models. The results show not only the conditional correlation on market volatility between the United States and other markets but also those between the pairs of other markets
Constant Conditional Correlation
Over the pre-crisis period, the market volatility of the United States reveal high correlations with the developed markets rather than the emerging and frontier markets, while the regional markets reveal the higher conditional correlations with both Hong Kong and Singapore. It implies significant roles of Hong Kong and Singapore in the region in the region. The volatility of the Vietnam equity market is quite small suggesting for the less influences of the regional markets toward the Vietnam.
During the crisis, the United States reveals a significant increase in the conditional correlation with the Japan market, followed by Vietnam, Taiwan and Hong Kong. It implies that Japan is likely to be the first market in the region affected by the crisis. However, it may be surprising that the CCCs between the United States equity market and the East Asian equity markets do not increase except for those of the Japan and Vietnam. It is in line with our findings in the unconditional correlations among the markets. It may suggest that the contagion effect from the United States to the regional markets is not apparently. In addition, all the correlations of market volatility of the Vietnam market are reported to be significantly higher during the GFC than before the GFC giving implications on a sensitive characterize of the frontier market towards the shock originated in the United States. Interestingly, our findings reports that the Thailand equity market is less directly influenced by the GFC during the GFC as its conditional correlation of market volatility declines relative to that of the pre-crisis period. The fluctuation of the Thailand equity market over the crisis period may result from the volatilities of regional markets such as Hong Kong and Singapore.
Over the post-GFC, the conditional correlations of almost markets turn back relatively to the correlations during the pre-GFC. The market volatilities of both the Hong Kong and Singapore market still prominently influence the other markets in the region. The volatilities of the Japan market reveal the highest close linkage to the volatilities of the United States market. Importantly, we find significant increases in the conditional correlations between the Vietnam and both the United States and regional markets. It gives implications on significant www.ccsenet.org/ijef
International Journal of Economics and Finance Vol. 5, No. 5; influences of the shock caused by the GFC on the frontier market.
In summary, we may conclude that the CCCs results suggest that the markets of East Asia are closely connected during the crisis period. The transmission of the shock originated from the United States which quickly transferred to Japan and Vietnam rather than other countries. This suggests that the shock by the GFC originated from the United States may transmit to the East Asian equity market via Japan. 
Dynamic Conditional Correlation
As indicated by Corsetti, Pericoli and Sbracia (2005) , a correlation between two market returns is not static but varies over time. As such, in the paper, we capture the time-varying correlations between the United States and the East Asian equity markets. Specifically, we employ the DCC-MGARCH model suggested by Engle (2002) to measure the time-varying conditional correlation coefficients between two markets. The results of the time-varying conditional correlation coefficients between the United States and the East Asian markets are plotted in Figure 2 . In general, we can see that the highest volatility of the DCCs is found between the United States and Japan (spanning from 0.35 to 0.67) while the lowest volatility of the DCCs is found between the United States-Vietnam (spanning from 0.2 to 0.4).
During the pre-GFC, the graphs show a relatively high correlation in the dynamic path of several markets such as Hong Kong, Singapore, Malaysia and Thailand which can be explained by their significant influences by the sub-prime mortgage crisis in the United States. It is also notable that the time-varying conditional correlations of the United States and almost markets decline significantly around January 2008 as some large U.S international corporations reported losses in their performances in 2007. However, the DCCs then recover quickly implying that the negative effects of the sub-prime mortgage crisis do not cause significant impacts on the East Asian equity markets. Vol. 5, No. 5; transmission of the GFC shock from the United States to the East Asian equity markets during the crisis.
During the post-GFC, the time-varying conditional correlations between the developed and emerging markets in the East Asian region and the United States appear to decline slightly, implying a lesser impact to the shock from the United States. However, the DCCs between the Vietnam and United States market maintain a relatively highe level of interdependence during the post-crisis period compared to those during the pre-crisis period implying stronger correlations between the Vietnam and the United States after the crisis.
In summary, our findings suggest evidence of a transmissions mechanism operating from the United States to the East Asian market. This result is in line with the results by Yiu; Alex-Ho and Choi (2010) and Hwang (2012) who find evidence of contagion between the United States andHong Kong, Japan and Singapore during the period from 9/2007 to 3/2009. However, our findings extends their results by showing that the contagion effect exists between the United State and Hong Kong and Singapore during the subprime crisis. In addition, our results are consistent with a study by Gupta and Guidi (2012) who find evidence of contagion effect from the United States to the equity market of India, as well as a study by Syllignakis and Kouretas (2011) who provide evidence of the transmission of the shock in the United States to the CEE stock returns during the 2007-2009 financial crises.
Conclusion
This paper employs the constant and dynamic conditional correlation models based on the MGARCH (1,1) to investigate the transmission of the global financial crisis to the developed, emerging and frontier markets in the East Asian region. The models allow us to trace the existance of time-varying correlation of market volatilities between the United States and each of the selected markets. By partitioning the period of study into the pre-crisis, crisis and post-crisis period, we can explore the transmission of the crisis to the East Asian equity market over time.
The empirical findings suggest that among the examined markets, Japan is the most significantly influenced market by the GFC due to its highest correlations with the US markets. In addition, both the Hong Kong and Singapore market are more severely influenced by the sub-prime mortgage crisis in the United State in the mid 2007 rather than the GFC. This result is explained by the close linkages in the international trades because the United States, Hong Kong and Singapore. Furthermore, although the emerging markets in the region are influenced by the shock from the United States over the crisis period; the linkages are more correlated to the developed markets in the region rather than the United States. In addition, the GFC is likely to transmit to the East Asian markets via Japan. Finally, the transmission effects of the GFC to the frontier market Vietnam, is more significant than any other market in the region. The results suggest some implications for policy makers and international fund managers. Firstly, an understanding of the transmission of a shock caused by one market to another markets may give policy makers a clear viewpoint on the linkages between the markets. In the paper, we not only find empirical evidences of the transmission of the shock caused by the United States to the East Asian markets, but also identify specific time periods during which the crisis is transmitted to these markets. Thus, policy makers can understand the relationships between the volatilities of their equity markets and the regional and global markets which may improve the monitoring and supervision of their markets. In addition policy makers may take account of international monetary policies in avoiding the negative impacts from a shock caused by another market. International fund managers can identify the transmission mechanism of shocks to the East Asian markets which inturn may improve their portfolio diversification strategies across equity markets in the region.
